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1. Parameterization of the time-variant population pharmacokinetic (PK) model  

Equation 1 defines the time course of the chemical concentration in a representative individual 

born at time tbirth:  

!"(!!"#)
!"

=   !!"# ! ∙!!" !!"# ∙! !!"#   ∙!
!!"# !!"#

− 𝑘!"#$ +   
!

!!"#(!!"#)
   ∙ !!!"#(!!"#)

!"
∙ 𝐶 𝑡!"#     [1] 

where tage (years) is the age of the individual; C(tage) (ng glip
–1) is the lipid-normalized 

concentration of chemical in the body; Uref (t) (ng kg–1 d–1) is the reference daily uptake of the 

chemical for an adult and depends on the year of sampling, t; Mbw(tage) (kg) and Mlip(tage) (kglip) 

are the body weight and the body lipid weight as a function of age, respectively; P(tage) 

(dimensionless) is a proportionality factor adapting Uref(t) to younger ages; F (kglip
–1

 glip) is a unit 

conversion factor; kelim (d–1) is the first-order rate constant describing intrinsic elimination. 

Importantly, Uref represents the absorbed amount of chemicals (= uptake) from all sources and 

pathways (excluding breast milk) that contribute to the PBDE concentration in the body.  

The model was programmed in Matlab R2013a and solved with a 3-day resolution.  

Transfer of chemical via breast milk 

The daily human milk consumption rate, rbm(tage) (g d–1)  and the lipid fraction of the human 

milk, flip,bm(tage) (dimensionless) are described dependent on the age of the infant (tage) (years) 

and his/her body weight (Mbw) (kg) according to Verner et al. (2013) (Equations 2 and 3):  

 𝑟!" 𝑡!"# = −0.0024   ∙ 𝑡!"#   + 0.0063 ∙𝑀!" 𝑡!"#    ∙ 24   ∙ 1000   [2] 

 𝑓!"#,!"(𝑡!"#)   =   0.0034   ∙   ln(𝑡!"#)   +   0.0414      [3] 
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Proportionality factor 

We derived the proportionality factor, P(tage) in Equation 1, by dividing the uptake rates of 

younger age groups by the uptake rate of adults (Table S1). The empirical proportionality factors 

show steps, because they represent whole age groups, i.e. 1–6, 6–12, 12–20, and >20 years 

(Figure S1, black and blue diamonds). Since no exposure estimate is given for infants < 1 years 

in Lorber (2008), we assumed it to be 50% of that of the group of 1–6 years. We used a Weibull 

function to interpolate the proportionality factors for uptakes of the different age groups (black 

and blue lines). We used data from Lorber (2008) as base case (panel A in Figure S1). As an 

alternative, we used the median uptake rates for the US population from Trudel et al. (2011) 

(panel B in Figure S1).  

Table S1. Derivation of proportionality factors. 

Age 
group 

Lorber (2008) 
 ∑PBDE intake 
 (ng kg–1 d–1) 

Factor 
(unitless) 

Trudel et al. (2011)a 
∑PBDE intake  
(ng kg–1 d–1) 

Factor 
(unitless) 

infants 49.3/2 = 24.7 3.2 5.5*0.7 = 3.85 3.5 
toddlers 49.3 6.4 4.4 4 
children 14.4 1.87 2.2 2 
teenager 9.1 1.18 1.25 1.14 
adult  7.7 1 1.1 1 
aTable S7 of Trudel et al. (2011). 

 
Figure S1. Interpolated proportionality factors P(tage) (lines) fitted to empirical proportionality 

factors (diamonds). A: Lorber (2008); B: Trudel et al. (2011).  
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Least-squares optimization 

For each optimization, we used 29 empirical data points (see main text). By minimizing the sum 

of squared residuals weighted (SSRW), we maximized R2 (Equation 4): 

𝑅! = 1− 𝑆𝑆𝑅𝑊 = 1−    !!!!! !
!
!!!

!!!! !!
!!!

            [4] 

where n is the number of empirical data points, here n = 29, yi is the empirical data point i, fi is 

the equivalent modeled value, and 𝑦 is the empirical sample mean.  
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2. Modeled and measured cross-sectional age-concentration profile for the male population 

 

 

 

Figure S2. Modeled age-concentration profiles (blue: scenario A; green: scenario B; red: 

scenario C) fitted to the biomonitoring data (dots) from the male population. 
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3. Input data for the PBDE bottom-up approach 

The lipid fraction of breast milk was set to 3.3% (Toms et al. 2012). The transfer fraction from dust to skin was set to 13% (Trudel et 

al. 2011); the dermal absorption fraction was set to 3% (Roper et al. 2006).  

Table S2. Congener-specific parameters. 

  Unit BDE-47 BDE-99 BDE-100 BDE-153 Reference 
concentration in breast milka ng glip

–1 9.3 2.8 1.4 4.5 Toms et al. (2012) 

concentration in dust at home (mean) ng g–1 69 135 27 18 weighted average of the mean 
values from Toms et al. (2009a,b) 

concentration in dust in offices (mean) ng d–1 107 153 30 24 Toms et al. (2009a) 
concentration in air at home (mean)a ng m–3 0.0286 0.0094 0.0024 0.0023 Toms et al. (2009a) 
concentration in air in the office (mean)a ng m–3 0.1298 0.0100 0.0025 0.0010 Toms et al. (2009a) 
absorption fraction from breast milk, diet, inhalation [–] 0.99 0.99 0.99 0.99 Moser & McLachlan (2001) 
absorption fraction from dust  [–] 0.58 0.41 0.53 0.48 Abdallah et al. (2012) 
aSampled in 2003/04. bAssumption: if concentration <LOD, LOD/2 was used. 
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Table S3. Age-dependent parameters. 

 Sex/congener Infants  
0–3 months 

infants 
 3–12 months 

Toddlers 
1–6 years 

Children  
6–12 years 

Teenagers 
12–20 years 

Adults 
>20 years Reference 

 body weight, [kg] males 5 8 17 31 65 82 WHO (2006), ABS (1998) 
  females 5 8 17 32 58 68   
fraction of time spent home, [–]   0.77 0.77 0.68 0.62 0.60 0.66 U.S. EPA (2011) 
fraction of time spent in the office, [–]   0 0 0 0 0 0.15 Horton et al. (2006)  

daily intake of breast milk, [g d-1]    727 0 0 0 0 0 WHO (2002), average of the 
first 3 months 

dust ingestion rate, [g d–1]   0.015a 0.03 0.06 0.06 0.06 0.03 U.S. EPA (2011) 
dust adhered to skin, [g cm–2]   3.40E-05 3.40E-05 3.40E-05 3.40E-05 8.90E-06 8.90E-06 Trudel et al. (2011), SI 
body surface area, [cm2 d–1] males 3233 4367 6800 11500 17550 20700 U.S. EPA (2011) 
  females 3000 4200 6660 11250 16200 18123   
fraction of free surface areab, [–] males 0.22 0.22 0.25 0.27 0.27 0.29 U.S. EPA (2011) 
  females 0.22 0.22 0.25 0.27 0.27 0.27   
inhalation rate, [m3 d–1] males 3.38 3.94 7.10 10.59 17.23 15.27 U.S. EPA (2011) 
  females 3.26 3.73 6.60 9.84 13.28 11.79   
daily intake via diet, [ng d–1] BDE-47 0 21.5 20.2 32.1 45.6 43.6 FSANZ (2007)  
males BDE-99 0 12.4 11.6 18.5 26.2 25.1 (lower-bound estimates) 
  BDE-100 0 2.2 2.1 3.3 4.7 4.5   
  BDE-153 0 1.8 1.7 2.7 3.9 3.7   
daily intake via diet, [ng d–1] BDE-47 0 21.5 19.3 27.9 30.8 28.9 FSANZ (2007)  
females BDE-99 0 12.4 11.1 16.1 17.7 16.6 (lower-bound estimates) 
  BDE-100 0 2.2 2.0 2.9 3.2 3.0   
  BDE-153 0 1.8 1.6 2.4 2.6 2.5   
aAssumption; value of <3 months equivalent to 50% of value of 3–12 months. bAssumption; free surface area = 50% of arms plus 50% of legs plus hands. 

 



 9 

4. Congener-specific uptake rates from the model simulations 

Table S4. Congener-specific uptake rates (ng kg–1 d–1). 

 Age groups BDE-47 BDE-99 BDE-100 BDE-153 
scenario A infants (0–3 mo) 25 9.4 6.9 11 

 infants (3–12 mo) 5.7 3.5 1.2 0.76 
 toddlers 9.6 5.9 2.1 1.3 
 children 2.8 1.8 0.61 0.38 
 teens 1.5 0.95 0.33 0.21 
 adults 1.5 0.93 0.33 0.20 
scenario B infants (0–3 mo) 25 8.8 6.9 11 
 infants (3–12 mo) 4.4 0.96 1.4 0.82 
 toddlers 7.4 1.6 2.3 1.4 
 children 2.2 0.48 0.69 0.41 
 teens 1.2 0.26 0.38 0.22 
 adults 1.2 0.25 0.37 0.22 
scenario C infants (0–3 mo) 24 8.7 6.8 11 
 infants (3–12 mo) 2.7 0.59 0.78 0.60 
 toddlers 4.6 0.99 1.3 1.0 
 children 1.4 0.29 0.39 0.30 
 teens 0.74 0.16 0.21 0.16 
 adults 0.72 0.15 0.21 0.16 
bottom-up infants (0–3 mo) 44 13 6.7 21 
 infants (3–12 mo) 2.8 1.7 0.32 0.26 
 toddlers 1.2 0.80 0.15 0.12 
 children 1.0 0.63 0.12 0.093 
 teens 0.64 0.39 0.072 0.058 
 adults 0.50 0.30 0.055 0.044 
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